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introducloon 3
The bonding between renforcemcnc tind matrx In & composite

Involves a mncroscopc Interphase rego. "-t I geneaNly composed 2 2
of a polymer network formed by nulSi:er buldup of a coupln
agent attached to the surface of the ftri into which ft mfatri can
propagate and bond. The main puWrpce of the Irf Me Is to
provide a structural lattice that wil alo'm; for good eneWg UWWse a .

from the matrix to the reinforcement.' The hItePhaae plays a
dominant roe In the fracture toughness rperes of composites and
in their response to aqueous and corrcht,, envlroSfiwvt Being
able to develop tailored Interphases wI agow control of compos

Our conceptual approach It besec! on beng able to taor the 7
formation of the Interphase by covalently taching compounds to the
surface of glass that are capable of Irit'alng Vi potynmrzaton of
various monomers. Here we repor^ tMe synthesis of novil Schen 1: Synesk of benr-YWA~ntXlm sat

benzysulfonlum salts capable of Irntit'ing the polymeotzal"o of
catonly active monomers. Similar zvlis have been Oxstsvel b **~b~

explored as thermal catlonic inIators of splro ore' sy'nato, and
bicyclo orthoesters,. 0
epoxy resins.' styrene.' b o a
and vinyl ethers."7 The oS .O+X )CI h
general structure of the d
surface actva Initiator X. SbF;. _ g,
Investigated is shown n Sb Of

Figure 1. Figure 1: Sutfacwle d

E.xperente beonzyiMI.om al or 0f
The general

procedure for the synthesis of the be;--yeuionkam salt InfIatorsI l h
(surface active (7). surface inactive (6) is outlied I Scheme 1. _
Isolated yields on Interm'ediates 14 wer3 all above 90 %. t2C NMR
epectra of the products a"e shown in Rre 2. Surface couping of £ b
7 with silica ge (surface area u 500 /g) gave 25 % by weight -
(TGA) add-on of sulfonlhum salL. "*C CP %IAS and OSI CPMAS SOWd ~ iJ~-.
state NMR confirmed the presence of 7 ,n the surface (Figure 3).
Characterizationa h

Thermal analysis was preformed ,-sang a TA instruments SDT b
2980 (TGA) and DSC 2920, controlled -sing a TA Thermal Analyst d
2100. TGA's were run at a heating r te 20 *Cmln In air or Nr __

DSC's were run at 10 C/min with nltrog, purge. Solution "C NMR
were preformed on a Bruker AC-200 wle so state 'C CPMAS, A b f •

and "Sl CPMAS were run on a Bnker \4SL.-400. , h-
Resaila and Discusskih

The ability of un-bound (6) and alca-bound sulfonium salt

(SbF,-eIlica) to Initiate polymerization -f epoxy compounds Was b a
Investigated by DSC. The epoxy resin used was Dow's DER 324 d g\

resin (DGEBA based). Figure 4 shows the DSC thermograms for .
DER 324 with 1.0 wt% 6. Heating thMe sample to 300 "C gave two
exotherms, one at 100 C. the other at 240 C with roughly equal a b f f e

heat liberated (DER 324 showed no transhtions when non without
Initator). The first exotherm Is beloved to be due to the calonlc
Intiation and partial polymerization of ha epoxy groups. As the b c

sample vitrifies and the temperature Increses, the catonic h a
mechanism Is terminated and no more reactlon occurs. At higher d 9
temperature, further reaction can take place through etherficaclon to
complete the conversion of the epoxy groups. . ..

The Tg of this sample wa found on Me econd run to be 2 205 175 14.5 1 i 5 8,5 55 25 -5
"C, and did not Increase after repeated heaig cycles to 300 "C. P

FTIR analysis of the DSC sample Irtlcated a high degree of Figure 2: IOC NMR of prodi- In Sohem 1. AN specr run in
conversion as Indicated by disappearance of the epoxy stretch at CDCI except 4 (HO, DeDDUSO bmerl.



AnIon exch'ane to giva a r.o- --. dleophllc courterocn Ls
.oozary Ln crtter to have an actve .iator. Exchangie of the . e ~ % V dt

;rmlde furnm of "h aa~t on Mhe surfzcc '.3-silica) was done hI a Azu2'
manner s!;nlltar to th~at by 4. F~gtzre 5 sthc .-s the DSC t!' errnoGraans
I,,r Br-sllica and Sbf 4-siJca with DERl 3-4 (38 % and 440 % silica.
v~-Uwt respectivet'fl. SbF*-sfkca weth DE-1 324 showed one majqor
exotherm centered at 215 *C and a broz... thallow excoterm at 145
cC Lberating a total heat of 391 J119 epoK..- (corr5eflg for the weight
of the sililca In the sample). FTIR arnalyz 3 of this sample kiccated
htgh coversion. The B,-sfice only ,,owed tOe lower, breAd
oxctem and the absorption for the epc -y M~g was sti observable
in thr. Ill spectrum of ti San'PW 0 a~O- Exot

so 1~ 150 2M 25_1

TEUtPERATUIE 0C
Figure 5: DSC llheruogurm for DER 324 and surfae-bound

-0 '5 -5 suffonitm ash

showed the greatest reduction (33.4 J/g epoxy In tie presence of
urnodtflied slice vs 2M J/g epoxy. Figure 4). it Is assu med that<1b d 9 h efther absorbed moisture not remnoved I the drying process and/or

1 b Wurfrze hydroxyls hIterfere wtth initial reaction. klng the cationic
~ Y jf polymerzallon (as Idicated by Owe reduction In the lower transition).e WW--Wr.enough epoxies react intally to alow for the higher

9 hWi empratuue reaction. The Br-silica doesn' allow for either
d gpropagation mechanism Wo occur. Finally, unmodife silica with

resin (no initiaor) has a DSC thermogram similar to the Br-silica
205 175 1 45, 11 5 5 55 :i5 5 showing no upper exotherm. nM no reductionhIthe epoxy stretch

@4-Wat 91 Sony1 after heatin to 290 *C.

i7lure 3: Sold asto "C CPMAS (br -,) and NSl CPMAS (i C~fOMW sOIM ~O 6 a be hw ocr i
Ilj R Of sLUrfCe-boUnd aiVCrAm, Sal The suIfg*I* rf r() a o sont cr h

1Z DGEBA resin to high conversion upon heating to 300 OC. In
addition. the surface bound bIltaWo with W.F couruedlon wi also

-w tat rn cte Owe epoxy resin to a high degree of conversion whereas the Br
2n - - form wi not. Quantitative determination of extent of cure.

1.0222.W mechanism for each cure sitage. and oveall surface concentraion
G 222,Vgeffects Is being Investigated.
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